The application of indoor location systems (also known as indoor positioning systems, IPS) has significantly increased in the past decade. Those systems find their role in the broad range of possible implementations, especially in the applications in the area of resource management and location tracking. Their applications can be in safety management, material, construction, and inventory management. Since, those systems are designed for indoor and closed areas where GPS, GLONASS, and other navigation systems are not applicable, a different approach should be used to determine the location. This paper presents a brief overview of indoor localization technologies and methods. The focus of this paper is on RSSI based methods for positioning. The contribution of this paper is in analyses of usability of platforms built on Arduino/Genuino development boards and similar devices and open-source hardware for usage in RSSI based indoor positioning systems. The presented platform is designed and evaluated with the two experiments, with two different technologies.
INTRODUCTION
In recent years the need for indoor location systems (also known as indoor positioning systems, IPS) has significantly increased (Brena et al., 2017) . Those systems become very important and have a broad range of possible applications. Their implementation can be found in safety management, material management, production planning (Skibniewski, & Jang, 2007) , construction management and inventory management (Mao, Fidan, & Anderson, 2007) . Especially in construction management, an accurate and fast location estimation process is required because it can lead to better decision making (Luo, O'Brien, & Julien, 2011) . According to Woo et al. (2011) , a positioning of construction resources is an essential issue for construction management. Indoor positioning presents useful construction site tool in areas such as safety and risk inspection, asset management and maintenance, and time and payroll management. In (Ma et al., 2018) indoor positioning technology can be used and integrated with Building information modeling (BIM) because of the necessity of positioning when BIM is used to identify the target objects for inspection at construction sites. The same study aims to support the quality management of construction projects by developing a collaboration platform in which the technologies of BIM and indoor positioning are integrated.
Global Navigation Satellite System (GNSS) including Global Positioning System (GPS), GLONASS, Galileo or BeiDou systems are wellknown means for finding locations in outdoor areas. In indoor areas, these systems are unusable because of obstacles for satellite signals, needed for the system to function correctly. However, there are mixed solutions as in (Cai, Andoh, Su, & D. Dobrilović et al. Usability of open-source hardware based platform for indoor positioning systems 114 JEMC, VOL. 8, NO. 2, 2018, 113-120 Li, 2014) where GPS and RFID are combined. So, the indoor location or indoor positioning systems should use a different approach. In this paper is presented a brief overview of indoor location technologies and methods. The focus will be on RSSI based methods for positioning. The contribution of this paper is in analyses of usability of platforms built on Arduino/Genuino development boards and open-source hardware for usage in RSSI based indoor positioning systems. The proposed platform usability is evaluated with two experiments in two different buildings, with two different technologies (Wi-Fi and Bluetooth Low Energy). This paper is structured as follows. After the Introduction section, the indoor positioning system basics are presented, mainly with the description of accessible technology for indoor positioning systems. The Localization method section describes the most common methods. In the Measurement section, two platforms and two experiments are presented, together with the measurement results and platform experience analyses. In the end, the conclusion and future aims are given.
INDOOR POSITIONING SYSTEMS
The possible positioning technologies can be: IEEE 802.11a/b/g/n WLANs or Wi-Fi (Zhang, Yuan, Wu, Zhu, & Deng, 2015) , Bluetooth, Bluetooth Low Energy (Kriz, Maly, & Kozel, 2016) , ZigBee (Fang et al. 2012 ), Ultra-wideband, (UWB), Field strength systems, Radio Frequency Identification (RFID), infrared technologies, visible light communications, passive visible light, passive sound-based technologies, ultrasound, audible sound, next-generation indoor positioning systems, etc. (Brena et al. 2017; Deak, Curran, & Condell, 2012) .All these technologies apply to indoor positioning with a variety of different methods. Even with the wide range of available technologies, radio frequency technologies have the most extensive usage. Another advantage of RF techniques use in location systems is the fact that they need less hardware than other approaches, and have lower estimation error compared to GPS and GSM/CDMA, (Oguchi, Maruta, & Hanawa, 2014) .
Considering the usage in the real-time localization system (RTLS) the following measurements of the received beacon signals must be made in order to compute an estimate of the target's position:
Received Signal Strength Indicator (RSSI), Time of Arrival (ToA) or Time Difference of Arrival (TDoA), and Angle of Arrival (AoA) or Direction of Arrival (DoA), (Brchan, Zhao, Wu, Williams, & Pérez, 2012; Deak, Curran, & Condell, 2012 Wu, & Hoffman, 2007; Nikitin et al. 2010; Mao, Fidan, & Anderson, 2007) .
ToA and TDoA techniques relay on signal propagation time and have strong demand for synchronization which is very difficult to achieve in large-scale systems. Exact timing synchronization is necessary in order to measure the propagation time of an RF signal. AoA technique measures the angle between the propagation direction of an incident wave and some reference direction (orientation), while DoA technique requires both elevation and azimuth angle in a planar array. The RSSI-based localization techniques are very interesting for implementation. The reason for that is their simplicity and applicability to environments affected by multipath (Brchan et al., 2012) . The problem with RSSI is that movement of humans inside the area covered with wireless networks is one of the major effects leading to significant received signal strength variation (Booranawong, Sengchuai, & Jindapetch, 2019) .
LOCALISATION METHODS
The localization methods based on RF are well described and compared in (Luo, O'Brien, & Julien, 2011) . There are two primary families of RF-based algorithms: range-free and range-based. Range free algorithms assume no prior knowledge about RSSI signal strength. Ring Overlapping Circle RSSI (ROCRSSI) is the algorithm that uses the concept of relative signal strength loss with distance to estimate the location of a target node (H. Liu, Darabi, Banerjee, & Liu, 2007) . It works in the scenario with a set of beacon nodes (B1, B2, and B3 presented on Figure 1 ). All locations of the beacon nodes are known. One target node (T on Figure 1 ) has the unknown location, and this node is the one to locate. Each beacon node reads the signal strength from all other nodes (both beacon nodes and target node). After taking into account the measured RSSI of the received signals, all RSSI values are divided into two groups. One group with RSSI values not higher than the RSSI value read from the target node and the second group with RSSI values higher than the target node. This grouping is used to calculate radius for the inner and outer circle around beacon nodes. The location of the target node will be in the overlapping area of circles ( Figure 1 ). ROCRSSI is well explained in (Wu, Liu, Pan, & Huang, 2007) , and one of the variations of the presented algorithm is described in (Velimirovic, Djordjevic, Velimirovic, & Jovanovic, 2012) . The beacon nodes are also called anchor nodes, as nodes witch absolute coordinates are known (Kunz, & Tatham, 2012) . Range-based algorithms consist of several subgroups. The two most popular groups are RSSI map-based and path-loss model-based algorithms. For the second subgroup, the path loss models are used to calculate the distance from the transmitting node to the receiving (target) node with the usage of RSSI values. The three most popular algorithms are, (Luo et al. 2011 ):  Trilateration -Two kind of locations can be determined, 2D and 3D. For 2D target node location, the method needs distances between the target node and three nodes with known location information (beacon nodes), while for 3D location four beacon nodes are needed.  MinMax -algorithm takes RSSI value from the target node (T on Figure 2 ) its distance dto target node can be calculated using path-loss model (e.g., the distance d4 is the distance between beacon B4 and T node as it is shown on Figure 2 ).The next step is to draw the square with 2d width around the beacon node (e.g., for B4 the width is 2d4 as it is shown in Figure  2 ).The location of the target node will be within the overlapping area of all of the squares drawn around all beacon nodes (Langendoen, & Reijers, 2003) .  Maximum Likelihood -the algorithm is based on classical statistical inference theory, and it uses the location of each beacon node and its distance from the target node. The maximum likelihood algorithm maximizes the probability of the target node's calculated location by minimizing the variance of estimated error. Finally, in RSSI map-based algorithms, RSSI map records the RSSI values of beacons at different sampled points. Then a target node looks for the values of sampled points closest to measured RSSI values of the target. One method which uses RSSI mapping is the k-nearest neighbor (kNN) training based algorithm, (Luo et al. 2011 ).
EXPERIMENT
The experimental measurements are made in two institutional buildings. 
The first experiment
The platform for the experiment is described in detail in (Dobrilović, Malić, Malić, & Šinik, 2018) , and experiment is designed from experience presented in (Dobrilović, Odadžić, & Stojanov, 2016) . The central unit of the platform is microcontroller board Arduino/Genuino UNO Rev3. This microcontroller is connected to Bluetooth Low Energy (BLE) communication module AT-09 based on Texas Instruments CC2541 chip. The BLE stations were battery powered.
The building No. 1, the location of the first experiment, has a square shape base with 28.5x28.5m dimensions. It is three level building, and the measurement is made on the 1 st floor. There are five stations with BLE modules configured as BLE master devices and deployed as it is shown in Figure 3 (marked with double circles and numbers 1-5). Those stations have station names and station IDs, and their listing is in Table  1 . The measurement locations are also presented on Figure 3 . There are 10 locations named L01-L10. In Table 1 The second experiment
The second experiment is done with Wi-Fi technology (IEEE 802.11 standard). The platform used for the experiment is divided into two groups. One group of devices consists of hardware configured as AP (access point), the other group consists of devices design to scan the networks, or more precisely devices are designed to detect and log RSSI values from access points. Each of the selected hardware configurations can have the role of a scanner and access point.  WeMos D1 R1 development board (Arduino/Genuino UNO clone with the integrated ESP826 communication module) is used as a scanner and with the addition of the SD shield as a data logger.
In this scenario, the business building with an angularly shaped base of 36x28 meters is used as a test polygon. The building has its infrastructure of wireless networks, besides the experimental platform. The three NodeMCU hardware access points (NodeMCU_AP_1, NodeMCU_AP_2, and NodeMCU_AP_3)and Arduino/Genuino UNO R3 with ESP12F module (unoESP) are placed on four locations, and the RSSI data are logged on 17 locations (Figure 4 ).
For RSSI logging, Wemos D1 R1 is used with the addition of SD shield. All 17 measurement locations are shown in Figure 4 marked as location L01 to L17. The average RSSI values in dBm are given in Table 2 . To summarize, the experiments showed that the open-source hardware-based platform could offer good signal quality, in order to collect usable RSSI data. The collected RSSI data can be further used with suitable localization methods for design of indoor localization systems. The presented platform is low-cost, easy to deploy and with a high level of functionality. All these features make this platform highly useful for testing and even for a commercial appliance. Both experiments showed that open-source based platform with Arduino/Genuino developer boards and its clone is suitable to be used in indoor positioning systems. The further work on this topic will be the design and implementation of the method that can be used in indoor positioning systems and in cooperation with presented platforms. The method optimization in order to achieve higher accuracy will also be one of the further research directions.
CONCLUSION

